SUMMARY Visually directed pointing has been examined in a group of patients with occipital lobe infarction and in an age-matched control group. The visual field ipsilateral to the infarct showed normal localisation; there was no evidence that right sided infarction produced a bilateral disturbance. In quadrantanopia the spared quadrant on the affected side showed abnormal localisation in a few patients but this was not consistently associated with right or left sided defects. The majority of patients were able to detect a flashing light within the blind portion of the field although the same stimulus could not be seen during conventional perimetry. Some patients could localise the stimulus normally.
Patients who had lost the ability to point accurately to an object although still able to see it normally were described by Holmes' in his account of the syndrome of visual disorientation; they were battle-casualties and had bilateral penetrating wounds of the parieto-occipital region, sometimes involving the splenium. Riddoch2 later showed that the syndrome could be restricted to one half-field and Cole, Schutta and Warrington3 in a unilaterally affected patient confirmed that the difficulty in pointing was not due to proprioceptive loss in the reaching limb since it was present when either the right or the left arm was used.
In contrast there are other patients who have lost the ability to see normally in part of the field but who retain some residual visual function. Riddoch,4 for example, described patients who could detect a stimulus in the affected field, when it was moving but not when it was stationary. Patients who, after localised brain damage, are still able to appreciate the orientation, movement and shape of objects within a "blind" field have excited much recent interest.5 They provide insight into aspects of visual perception of which the patients may not normally be aware and which may be operating at a subcortical or brainstem level.
The present report on the reaching and localising abilities of patients with vascular lesions of the occipital lobe attempts to answer a number of questions; firstly, is normal localising ability preserved in "seeing" portions of the visual field, for instance, in the opposite half field, or in the case of a quadrantanopia, the 
Results
Normal subjects By combining right and left eyes six readings each representing the difference between the true and the estimated position of the stimulus were available in each subject in each of the four quadrants at each of the inner isopters (100, 300, 500). Fewer readings were available at 700 and 900 because the subject sometimes failed to see the stimulus especially in the nasal field. The average individual error in each isopter and quadrant was calculated and a mean error score for this group was derived (one reading per patient) at 100, 300, 500 and 700.
In the control group localisation was excellent in the central parts of the field. In the periphery subjects tended to under-estimate slightly the position of the stimulus (fig 1) . When the mean error scores in the upper quadrants were compared with those in the lower quadrants a significant difference was found at 300, 500 and 700, the larger errors being in the upper field (table 1). in response to the stimulus and they were asked to attempt to locate it in the usual manner. Localising ability was assessed in three regions of the blind field: inner (100 isopter), middle (300 and 50°isopter) and outer (700 and 900 isopter) (fig 3) .
The proportion of negative responses was greatest in outer parts of the field and the accuracy of localisation was also worse peripherally improving progressively towards the central regions. Some patients localised well throughout the blind quadrant (fig 4) . In patients with right sided field defects normal responses (less than twice mean error for controls) constituted approximately 30% while in those with left sided defects over 50% were normal. Because of the small numbers the difference was not significant. In the quadrantanopic group responses were no more accurate in upper than in lower quadrantanopias. It can be estimated by comparing relative areas that a subject pointing at random would achieve normal localisation in inner isopters once in 2000 attempts, in middle isopters once in 400 attempts and in outer isopters once in 200 attempts.
Discussion
To point accurately to a small stimulus briefly displayed within the field of vision while maintaining a steady forward visual fixation requires the ability to Ross Russell, Bharucha detect the stimulus, to orientate it relative to the point of fixation and to move the pointing finger to the correct spot. In real life reaching involves a further element of distance judgment in the sagittal plane which was not present in the test situation since the subjects knew that all stimuli were equidistant.
The present series of normal subjects and patients show that under physiological as well as pathological conditions reaching ability is better in the central than in the peripheral isopters, related presumably to the relatively large region of the striate cortex receiving projections from the central field. In the periphery normal subjects showed a consistent tendency to reach more accurately below than above the horizontal meridian. The reason for this is not clear but it may be relevant that in the course of normal activity the majority of reaching tasks involve the lower rather than upper field.
In two patients a defect in localisation in a half field was detected in the absence of visual field loss on perimetry. However in both cases bilateral occipital lesions were found by CT scanning. There was thus no suggestion that a unilateral lesion, either right or left sided, could give rise to a loss of reaching ability over the whole field. This strictly unilateral effect contrasts with the results of more complex tests such as those involving comparative visual judgments as with the relative position of two points, the copying of line diagrams, the unravelling of superimposed figures or recognition of objects viewed from unusual angles.68 Under these conditions it has been repeatedly shown that patients with right hemisphere lesions perform significantly worse than those with left.
In patients with quadrantanopia when the spared quadrant on the affected side was tested the results were variable, most patients showing excellent localisation while a few made large errors irrespective of the side of the lesion. A point of interest in this group was to compare the accuracy of reaching in upper and lower defects. Many of the original patients described by Holmes' had loss of localising ability in the upper fields on both sides combined with loss of lower fields, suggesting that the parieto-occipital region on each side was essential for accurate localisation in the opposite half field. It might be expected that our patients with lower quadantanopias might also have more localising difficulty in their residual field than would those with upper quadrantanopias. No such difference was found possibly because the lesions in our quadrantanopic patients were occipital and affected either the upper or lower banks of the calcarine sulcus, whereas in Holmes' patients the visual radiation and the parieto-occipital cortex were damaged. Our patients consciously saw a visual stimulus in the "blind" field and were not asked to point unless they did so. We were therefore measuring the accuracy of localisation only in patients capable of detecting a visual flash. They were not examined by the forced-choice technique used by Weizkrantz and colleagues9 to explore a more basic faculty, the preservation of visual function in the absence of conscious awareness (blind-sight). Thei' patient DB, following subtotal occipital labectomy, was shown to retain excellent localisation in addition to some elementary type of appreciation of form and orientation but he consistently denied seeing the stimulus at all. In further studies Weizkrantz'°has studied other patients who retain or recover some visual functions but not others. For instance, it appears that the threshold for awareness of a stimulus in the blind field is not necessarily the same for movement as for orientation. He tentatively suggests that detection, movement and figure-ground discrimination usually occur together as do localisation and orientation but that these two groups of functions may be dissociated. 157 The pathological and anatomical basis is still a matter for discussion. It is known that retinal projections from one half-field to the striate cortex remains strictly unilateral except for those subserving a narrow strip on either side of the vertical meridian where there are transcallosal connexions.'2 13 It has also been shown in the experimental animal that projections from the lateral geniculate body pass only to the striate cortex and secondary connections link this region with the peristriate and visual association areas so that complete removal of the striate cortex on one side would be expected to interrupt all the visual input to these regions. However, after removal of the striate cortex alone in the experimental monkey there is retention of some visually directed behaviour and this does not occur to the same extent if more anterior regions are also ablated.'4 Kluver'5 showed that destriated animals could react to a change in total luminous flux and Pasik and Pasik'4 later reported that animals could be trained to ignore luminance and choose brightness, colour or pattern. Retention of this type of visually directed behaviour was again dependent on the preservation of prestriate cortex. This might be explained by a retinal input by other pathways, perhaps via the pulvinar; alternatively it might be due to a separate mechanism at brain stem level. The recent demonstration '6 of the preservation of visual localisation in patients after early complete hemidecortication argues for the latter view. The present study shows that a significant proportion of patients with hemianopia of vascular origin, possibly those in whom the infarct is strictly confined to the striate cortex, retain some awareness of a flashing light in the blind field and may have normal or near-normal visually directed reaching on that side. There are large individual differences between patients which cannot be adequately explained. These findings may be relevant to practical rehabilitation of these patients since one of the most striking and constant features of the experimental studies" has been the extent to which the recovery of visually directed behaviour can be influenced by training.
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